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EFFECT OF IMPURITIES UPON CURRENT EFFICIENCY
IN THE ELECTROLYSIS OF ZINC SULPHATE SOLUTION.
There are many elements which are detrimental to
the current efficiency in the electrolysis of zinc sulphate
solution. Fortunately the majority of these elements are
easily removed in the purification process and cause no
further trouble. The elements that are likely to cause
trouble in ordinary plant operations are antimony. arsenic.
cobalt. nickel. manganese and germanium.
The effect of single impurities upon current
efficienoy in the electrolysis of ~inc solution has been
determined in past investigations. It is difficult to
apply these data to plant operations as an eleotrolyta
containing only one impurity is never obtained. The effect
on the current efficiency that will result when there are
several impurities present in the electrolyte is difficult
to prediot as the detrimental effect of some impurities is
increased by the presence of others.
The following "tests were made to determine the
mntual etfect on the current efficiency when several of
the impurities were present in the electrolyte.
APPARATUS AND REAGENTS
The eleotrolyses were conducted in a
one litre beaker. Good oiroulation of the electrolyte
was maintained by a motor driven stirrer and evolution of
gas from the electrodes. It was not deemed necessary to
resort to external cooling of the oe11 as the small
a.mount of ourrent used would not oause any appreoiable
rise in temperature above that of the laboratory and in
praotioe the temperature of the eleotrolyte ranges from
40 to 4500. The average temperature of the electrolyte
during the test was 20-210 o.
The anodes were ohemica11y pure sheet lead.
Both aluminum and ~lno was used as oathode starting sheets.
Zinc starting sheets are preferable but it is necessary to
obtain the highest grade of ~inc available for this purpose
for in ordinary ~inc there are enough impurities present
to seriously effect the results obtained in the test.
There are two objections to the use of
aluminum as a starting sheet. There is a loss of current
efficiency due to the low hydrogen overvoltage of ~inc
sulphate on alu~inum when first starting electrolysis.
This objection could be overcome by first covering the
aluminum surface with a deposit of ~inc but it is difficult
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to be positive that a complete covering is obtained.
If the aluminum is not completely covered, another
variable is introduced into the test.
Brass bus bars Were used across the top
of the cell. The anodes were lapped over these bars.
The cathode was attached to its bus bar by a spring
clip, thus making it ~asy to remove, wash, and weigh.
The electrodes were one centimeter wide
and sufficiently long to be immersed five centimeters
beneath the surface of the electrolyte.
The cell contained two anodes and one
cathode. TWo anodes were used in order to make the
'current denSity on the cathode more uniform.
The electrical circuit can be quite readily
understood by a study of the accompanying wiring diagram.
A copper coulometer, connected in series
with the cell, was used to measure the current.
The current denSity was kept as nearly as
possible at 30 amperes per square foot. (3.23 amperes per
square decimeter). This current density required a voltage
drop across the cells of approximately 3.0 volts.
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The electrolyte was made by dissolving the
purest grade of ~inc dust obtainable from the A.C.M. Co.
in C.P. sulphuric acid. Copper sulphate was added to hasten
the reaction and, by using a large excess o~ ~inc dust,an
effective purification was made at the same time. A ~inc
sulphate solution made up of Bakers Analy~ed C.P. ~inc
sulphate and distilled water could not be used as the
current efficiency obtained from electroly~ing this
solution was only 87.5 per cent. The current efficiency
obtained from electroly~ing the ~inc snlphate solution
made up of ~inc dust was 96 to 98.5 per cent. This solution
will hereafter be referred to as "pure solution".
The composition of the starting electrolyte was
always the same, except for the added impurities, and contained
100 grams of ~inc per litre and 10 per cent by weight of
sulphuric acid.
The solutions containing the impurities were, with
the exception of manganese, made up so that one co of solution
contained one mg of the element used. The solution containing
manganese was made up so that one cc contained 100 mg of
manganese.
With the solution containing the impurities made
up in a known conoentration as described, the desired amounts
were added to the cell by means of a burette.
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The impurities used in the test were manganese,
cobalt, arsenic and germanium. Manganese and cobalt were
put into solution as Mn S04 and Co S04' arsenic as As203,
and germanium as Ge02.
PIDCEDURE •
After the apparatus had been set up, a number of
runs were made to determine the current efficienoy of the
pure solution and the solution made up with distilled water
and Bakers Analyzed C.P. zino sulphate. The results showed
that the solution made up from the zinc dust gave more
consistant results. (See Table 1.)
Before starting a test, it was necessary to obtain
the weight of both the zinc cathode and the copper cathode
from the coulometer. Since the electrolyte was acid and
would dissolve the zinc cathode, it was necessary to have the
electrical circuit closed so that the current would immediately
start to flow on inserti~g the cathode. After the run, the
cathodes were removed, washed with water and alcohol, dried,
and weighed. It was a simple matter to calculate the
current efficiency from the gain in weight of the two cathodes.
The series of tests to determine the effect on the
current efficiency of various impurities and combinations of
impurities were made in the same manner.
The period of electrolysis was usually
one-half hour as it was believed that any deleterious
effect would be manifested in that time.
The conditions of temperature, current density
and electrode spacing were kept as constant as possible.
The concentration of the zinc and acid did not vary
enough to effect the results. In a 30 minute period of
electrolysis about 0.150 g of zinc were deposited and,
as the maximum number of runs in one group was ten, the
zinc concentration was not diminished over 1.5 per cent.
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TABLE NO.1.
PRELIMINARY TESTS.
These tests were made to determine
the best method of preparing electrolyte.
Group N_o.1. Electrolyte made up
by dissolving Bakers Analy~ed C.P. ~inc sulphate in
distilled water.
Group No.2. Electrolyte made up of
Bakers Analy~ed C.p. ~inc sulphate and distilled water,
then purified with ~inc dust.
Group No.3. Electrolyte made up by
dissolving electrolytic zinc in C.P. sulphuric acid.
Group 1. Group 2. Group 3.
C.E .fa C.E.% C.E.%
87.5 91.2 96.0
84.5 92.57 96.25
83.6 97.2
96.78
TABLE NO.2.
Cobalt-Manganese e~eot.
Group No.1. PUre solution, increasing amounts of cobalt.
Group NO. 2. "
Group No. 3. "
Group No. 4. "
.Group No. 5. "
Group No. 6. "
Zinc cathodes used.
GrouE No.1.Ami. Co as
Co 804 gIl. C.E.~
Nil 97.510.2 97.63
0.4 97.03
0.6 96.97
0.8 96.55
1.0 95.92
6'.0 96.11
1&.0 94.52
" , manganese constant at 3 gIl, increasingamounts of cobalt, cathode changed each run.
, manganese constant at 3 gIl, increasing
amounts of cobalt, cathode unchanged.
, oobalt constant at 0.100 gIl, increasing
amounts of manganese.
, cobalt constant at 0.050 gIl, increasing
amounts of manganese.
t cobalt constant at 0.025 gIl, increasingamounts of manganese.
"
"
"
GrouE No.2. GrouE No.3.
Ariit. Co as AIrit. Co as
Co 804 sh: C.E.% Co 804 gIl C.E.%
Nil 96.38 Nil 98.34
0.001 95.94 0.005 94.45
0.005 95.79 0.010 98.89
0.010 94.32 0.015 92.16
0.020 92.66 0.025 92.93
0.035 94.61 0.030 86.03
0.060 93.02
GrouE No.4. GrouE No. 5. GrollENo.6.
Amt. Mn as Amt. Mn as ATDt. Mn as
Mn804 gIl C.E .% Mn804 gIl C.E.% Mn804 gil C.E.~
Nil 98.62 Nil 98.50 Nil 96.14
0.050 93.76 0.050 91.67 0.050 96.18
0.100 92.71 0.100 94.46 0.100 95.91
0.150 94.99 0.150 93.32 0.150 95.090.50 89.65 0.500 92.67 0.500 96.23
1.00 94.82 1.000 94.87 1.000 93.77
TABLE NO.3.
Arsenic-Cobalt*Mang~nese Effeot.
Group No.1. PUre Solution, Increasing amounts arsenic, ~inc cathode.
Group No. 2. " " " " " aluminum ", , •
Group No. 3. " " arsenic constant at 0.015 gIl,, increasing amounts of manganese, ~inc " •
Group No. 4. " " arsenic constant at 0.015 gIl,, increasing amounts of cob~lt, ~inc cathode.
Group No. 5, " " arsenic constant at 0.100 g/l,, increasing amounts of cobalt, aluminum " •
Group No. 6, " " manganese constant at 1.00 gIl, cobalt, constant at 0.100 gIl, increasing amounts
of arsenic added, ~inc cathode.
Group No.7, "
Group No.1.Amt. As as
AS203 gIl ~ .~O%Nil 9 •
0.001 96.25
0.003 95.69
0.005 92.48
0.010 96.38
0.015 95.12
Group No.5.lmt. Co as
Co S04 gIl
Nil
0.025
0.050
0.100
C.E .cf,
9r;'18
93.22
91.32
90.66
" , arsenic constant at 0.026 gIl, cobaltconstant at 0.025 gIl, increasing amounts
of manganese, ~inc cathode.
Group No.2.Amt. As as
AS203 gil
Nil
0.025
0.050
0.100
Group No.3. Group No.4.Amt. Mn as Amt. Co as
Mn S04g/1 ijaEg% Co S04 gIlNil • Nil
0.100 97.05 0.0005
0.200 95.32 0.001
0.500 92.60 0.002
1.00 95.05 0.005
0.010
C.E.%
96.78
95.49
92.95
91.78
C.N .cf,
90:48
95.17
95.40
95.75
94.73
95.51
Group No. 6.*Amt. As as
As 03 gIl C.E.~
Ni~ .9~
0.001 86.72
0.003 26.23
Group No.7.
Amt. MIl as
Mn S04g/1 ~.~O%Nil 9 •
0.010 93.38
0.050 92.94
0.100 93.20
0.250 86.78
0.500 71.36
1.000 80.33
It was impossible to deposit ~inc on an aluminum cathode in a pure
solution containing 0.100 gIl As and 0.100 gIl As and 0.100 gIl Co.
* In this test it was not possible to plate ~inc out on a fresh
~inc cathode.
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TABLE NO.4.
Germanium Effect.
Group No. 1. pUre solution plus 0.100 gIl germanium,
al~inum cathode.
Group No. 2. " " increasing amoun s of, germanium, zinc cathode.
Group No. 3. " " germanium constant at 0.0005• gIl, manganese added, zino
oathode.
GrouE No.1. Group No. 2. Groul!No.3.
Amt. Ge as Amt. Ge as Amt. Mn as
Ge02 gIl C.E.% Ge02 gil C.E.% MnS04 gIl C.E.%
Nil 92.24 Nil 95.80 Nil 87.04
0.001 * 0.0001 95.58 1.000 8102'70.0005 87.04
0.001 64.17
0.002 46.15
* Note:- 0.5202 g of'copper was deposited on the copper
cathode in the coulometer while 0.4367 g of
zinc was dissolved from the zinc coated aluminum
cathode.
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DISCUSSION
It is apparent from table No.2, group I,
that the presence of dissolved cobalt in the electrolyte
has very little effect on the current efficiency. This
is surprising' in view of the faot that oobalt is much
more positive than zino and should plate out before or
with zino. The presenoe of dissolved cobalt up to 16 gIl
did not cause a marked loss of current efficiency and it
is assumed that cobalt was not deposited. The combination
of manganese and cobalt did not materially lower the
current efficienoy and it seems that this combination is
not detrimental.
The presence of arsenic and cobalt in an
otherwise pure solution has very little effect on the
current efficiency when zinc is used as a starting sheet.
However, it was not possible to start a deposit on an
aluminum cathode with this eleotrolyte. (See Table No.3"
groups 4 and 5).
A deposit can be started on an aluminum
cathode in pure solution plus 0.100 g of arsenic per litre
but a poor loosely adhereing deposit results. A deposit
can also be started on an aluminum oathode in pure solution
plus 0.100 g. of cobalt per litre. When a zinc coated aluminum
cathode is used, a deposit can be started on it as readily as
on a zinc cathode in purtsolution plus 0.100 g of arsenic per
litre and 0.100 g of cobalt per litre.
From this it may be concludec that the use of aluminum
as a starting sheet introduces another variable that must
be considered.
The combinations of arsenic and cobalt, arsenic
and m~nganese, and cobalt and manganese (Table 3, groups
3 and 4, and Table 2, group 4) were not particularly
detrimental but these three elements combined were decidedly
harmful. (Table 3, groups 6 and 7). The action of manganese
in this combination is not known but there is a possibility
that it acts as a cathodic depolarizer, consequently lowering
the hydrogen overvoltage on the zinc.
Germanium proved to be the most injurious element
tried (Table 4, groups 1-2-3). The interesting fact brought
out in this group was the sharp contrast between the aluminum
and zinc cathodes. The aluminum cathode was well covered
with a deposit of ~inc but apparently aluminum has the property
of markedly increasing the injurious effect of the germanium.
The zinc deposit that had been .previously deposited was
stripped off of the aluminum by the addition of only 0.001 gil'
to the electrolyte. The zinc cathode suffered a loss in
current efficiency but not in proportion to the aluminum.
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